Abstract. Bluetooth is a promising technology for short-range wireless communication and networking, mainly used as a replacement for connected cables. The specification defines how to build a piconet and there are several existing solutions to construct a scatternet from the piconets. The process to construct a scatternet is called scatternet formation. We find that a tree shape scatternet called bluetree has three defects: First, it lacks efficiency in routing because the bluetree may form a skewed tree, not a balanced tree, resulting in longer routing paths. Second, the parent nodes in bluetree are very likely to become the bottlenecks of communication. Third, it lacks reliability. When a parent node is lost, it could cause several separated subtrees. In this paper we introduce an algorithm to generate the bluetree hierarchically; namely, the algorithm grows nodes in the bluetree level by level. This resolves the foregoing defects in scatternet formation. We construct the bluetree , keeping it balanced, to achieve the shorter routing paths, and establish the connection pairs between the siblings to provide another path to route. As a result, the traffic load at parent nodes can be greatly improved. Besides, once a parent node is lost, only two separated parts will be caused. A better reliability is therefore obtained.
Introduction
Bluetooth is a fast growing technology for short-range wireless networks and wireless personal area networks (WPAN) in recent years. It aims at supporting wireless connectivity among mobile devices such as cellular phones, headsets, PDAs (Personal Digital Assistants), digital cameras, laptop and computer peripheries, etc. The Bluetooth technology enables the design of low-cost, low-power, small-size radios that can be embedded in the existing portable devices. For instance, three-in-one phone is the GSM (Global System for Mobile Communications) cellular phone in which Bluetooth module is embedded. That is, it is a GSM cellular phone outdoors, but becomes a Walkie-talkie indoors. When two three-in-one phones are in the range of communication, they can communicate with each other free charged. When connecting to PSTN (Public Switched Telephone Network) adapter indoors, the threein-one phones can be used for fixed line communication and are charged based on the fixed line communication rate. This is the advantage and convenience of devices embedded with Bluetooh module.
According to the Bluetooth specification [1], Bluetooth devices operate in the globally available 2.4GHz band that is reserved for Industrial, Scientific, and Medical (ISM) applications. This band with 83.5MHz is divided into 79 1MHz-spaced channels except the guard band. It uses the technique of frequency hopping spread spectrum (FHSS), called frequency hopping sequences (FHS), to define these channels, which co-exist in this wide band without interfering with each other. When two Bluetooth devices come into each other's communication range, a connection between them is established through the inquiry and page procedures defined in the Bluetooth specification. The inquiry procedure is used to discover other devices and the page procedure is used to establish actual link. The "sender" device which broadcasts inquiry message becomes master and the "receiver" device that always keeps listening becomes slave. After establishing the connection, time division duplex (TDD) is used for communicating between the master and the slaves. Each of 79 channels mentioned above is divided into 625-msec intervals, called slots. Different slots use different hop frequencies. The master transmits in even-numbered slots while the slave in odd-numbered slots. A group of devices sharing a common channel is called a piconet. Each piconet can only have one master which decides the frequency hopping sequence for the piconet and controls the access to the channel. There is no limit on the maximum number of connected slaves to the master, but the number of active slaves at one time can be at most 7. If a master has more than 7 active slaves, some slaves must be parked. Parked devices cannot operate in its piconet until it is unparked. The network constructed from connecting the piconets is called the scatternet. The process to construct a scatternet is called scatternet formation.
In [3, 4, 8] , a tree-based scatternet called bluetree was proposed, in which the scatternet is formed using the topology of tree shape, the parent node being the master and the children as the slaves. These bluetrees will be called the general bluetree (GB) through the rest of this paper. The general bluetree has three defects. First, it is inefficient in routing. When the bluetree is a skewed tree, rather than a balanced tree, a longer routing path will be induced. Second, the parent nodes of bluetree are likely to become the bottlenecks of communication and result in heavy traffic load. Third, it is unreliable. When a parent node is lost, it may cause several separated parts: the subtrees of the losing node and the remaining part of the bluetree. This will lead to a time-consuming process for rebuilding the entire scatternet in order to maintain the connectivity.
In this paper we improve the structure of general bluetree and propose the formation methods to cope with these problems. The bluetree that we propose is called Hierarchical Grown Bluetree(HGB), which grows level by level and remains balanced during the process of scatternet formation. Compared to the skewed bluetree, HGB bluetree have a shorter routing path. In addition, a message can be sent via the connection between the siblings (refer to section 3 for details) instead of having to pass through the parent node. As a result, the communication bottlenecks at parent nodes can be greatly improved. Besides, once a parent node is lost, only two separated parts will be caused. One is the connected part below the lost node. The other is the remaining part of the bluetree. A better reliability can be achieved.
The remainder of this paper is organized as follows. Section 2 describes the relevant researches on Bluetooth scatternets. Section 3 presents our improving scheme of tree-based scatternet, HGB. Section 4 shows the experimental results. Finally, we conclude this paper in Section 5.
